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Abstract
The IGDSS (Intelligent Greening Decision Support System) project introduces an intelligent decision support
based on geographical information. The goal of the IGDSS project is to build a working prototype to
demonstrate both the technical and operational feasibility of introducing intelligent agent based systems into
the geographical decision making processes. This will be accomplished by coordinating several pre-existing
information systems, such as the data from typhoon damages, the data of attributes of different types of trees
and flowers, etc. The IGDSS allows decision makers to make better decisions and get benefits from such better
selections. The IGDSS consists of several different components running on several different machines. Each
IGDSS component plays a specific role within the entire IGDSS framework. Among which, The Bayesian agent
provides prediction support to the selection of trees based the previous data, i.e. prior-probabilities and user
requirements.
Keywords: Decision support systems, geographical information systems, bayesian network, intelligent agents

Introduction
This paper presents the design and implementation of a Bayesian network based data mining agent employed in an Intelligent
Geographical Greening Decision Support System (IGGDSS). This intelligent system, as part of an intelligent geographic
information system project, introduces an intelligent decision support based on geographical greening information. It is an ongoing research project currently being undertaken in P.R.China, by the joint research from the Urban Greening Administration
of ShenZhen, GuangDong province, and Hong Kong BizTech Company. The goal of the IGGDSS project is to build a working
prototype to demonstrate both the technical and operational feasibility of introducing Bayesian-based intelligent agent systems
into the geographical greening decision making processes. It can be noted that based on the number of geographical decision
problem situations that were observed in the real life, a significant portion of them could have been assisted by an Bayesian agent
based system such as the IGGDSS.
Up to now, the selection of trees and flowers at the Urban Greening Administration of ShenZhen was using ad hoc methods,
although a huge amount of related data is available for the decision makers. This project is to support the decision makers to make
such selections more systematically. This will be accomplished by coordinating several pre-existing information systems, such
as the data of the damages caused by typhoons, climate statistics, the characteristics of different types of trees and flowers, etc.
The IGGDSS will allow decision makers to make better decisions and get benefits from better selections.
Based on our research, an IGGDSS consists of several different components running on several different machines. It should be
noted that each IGGDSS component plays a specific role within the entire IGGDSS framework. Each IGGDSS component relies
on one or more other components' services. Consequently, it is necessary for each of the components to inter-operate with others
for the purpose of sharing knowledge. Further more, all the operational agents are always acting co-operatively as they all use
the common shared knowledge.
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System Architecture
There are three layers in the IGGDSS architecture: the application layer, which includes all the application agents. The middle
layer is the knowledge manager layer, that manages the knowledge level communication. The lowest layer is the repository layer,
which stores common knowledge used by all the intelligent agents. These intelligent agents are described as follows:
•
•
•
•

Data Mining Agent : analyses data and get the probabilities by using Bayesian believe networks.
Repository Agent: provides SK and ELL facilities for other agents.
Knowledge Manager: provides management and coordination control functions over all the agents in the IGGDSS
architecture.
Human Computer Interface Agent (HCI): this agent acts as a front end between the end users and the IGGDSS system. This
agent displays the IGGDSS running status to the end users. In the meantime, the end users may interact with the system via
this agent.

It should be noted that each agent in the architecture plays a specific role within the entire framework. Each agent relies on one
or more other agents' services. Consequently, it is necessary for each of the agents to inter-operate with others for the purpose
of sharing information. Furthermore, all the operational agents are always acting co-operatively as they all use the common shared
knowledge.
It is hoped that the process undertaken by this project will be of
value to IGGDSS projects in the near future as to achieve the
economic benefit and the technical benefit by serving as the
backbone open framework ready to be integrated into the overall
industrial planting information infrastructure.

Ontologies
The recent development of large, sharable ontologies has become
a major area of multi-agent based architecture research. These
researchers view experiments to build and maintain common
ontologies as being an essential prerequisite to the long-term goal
of creating large, sharable knowledge bases.

Decision
agent

Data miner

HCI agent

Diagnostic
agent

Knowledge
server

Knowledge Repository
Knowledge Repository

The application of repository technology enables us to address the
transparency problem by means of providing a centralised
Figure 1: The architecture of the IGDSS
representation, consequently, control information can be shared
among all components in a transparent fashion. On the other hand,
the solution to the maintenance problem is by having the central
repository managing the schema evolution. Furthermore, the repository plays an active role of brokering all information flows.
Finally, the portability problem is tackled by having the repository separating its data dictionary and the management services.

IntelligentAgent
Intelligent agents are advanced software systems that enjoy the following properties: 1. autonomy (agents operate without the
direct intervention of humans) 2. social ability (agents communicate with other agents); 3. reactivity (agents perceive their
environment and respond to changes that occur in it); 4. proactivity (agents do not simply act in response to their environment,
they are able to exhibit goal-directed behavior by taking the initiative). Here we describe the major types of Intelligent agents used
in the proposed framework. They are the management agents, user preference agents and service agents

Management Agent
The broker agent is the central glue for tying together all types of agents in the network. This broker agent performs scheduling
over the agent network. Upon receiving user requests through the formalizer agents, it will decide which agent is responsible for
answering the user requests. It is also responsible for balancing the overall work load of the system, as well as controlling the
432
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workflow of different requests. For example, it can receive a complicated service request from a customer, route the request to
a qualified agent who will work on a first half of a solution first, before send the remaining portion of the solution to another agent.
This collaborative behavior would represent another advantage of our unified service agent network. An important characteristic
of the agent broker is its ability to allow the agents to have overlapping capabilities, and to track and learn the agent capabilities
and availability throughout the lifetime of the agent network. Based on the learned capabilities of the agents, the broker agent
will always provide a customer with the highest quality and available agent for answering a request.

User Preference Agents
The user preference agents, are aimed at learning and tracking a user on-going preferences over products, services and user
choice in using various service agents. These user preference agents can also be either attached to the broker agent, or the
individual service agents. Their primary sources of knowledge comes from both a user-preference which a customer can edit
by himself, and a log file containing the customer recent usage pattern. These knowledge forms are converted to a Bayesian user
models. Based on the Bayesian user models, the user preference agents can help the user choose a more suitable service agent,
help the user in customizing the search result such as by re-ranking a list of products, and by recommending other products to
a user.

Service Agents
The service agents can be classified roughly into two broad categories: those who perform product sales such as online book or
computer vendors, and those who provide repair services such as web-based cable-modem troubleshooting centers. As can be
seen, each agent is provided with databases and knowledge bases. The database component provides general data-related
information such as product information and customer billing information. The knowledge base is aimed at provide high-quality
service for a customer. For example, when a request for a Cable-TV service center asks about procedures for troubleshooting
a uzzy-screen problem, the system can consult a ase base which consists of typical problem-solution pairs for Cable-TV
problems, and retrieve a ranked list of problems and solutions whose description closely match the one given.

Decision Agent
The Decision agent is a rule-based agent, that makes the final suggestions for the tree-type selections. When the user selects a
region as the target, such task information will be passed to the Decision agent for consideration. Upon receiving such user
requests, forward chaining inference engine in the agent will be fired. Some tasks will be solved by the agent, while other tasks,
such as data mining tasks, will be distributed into other agents. After receiving such important feedbacks, the Decision agent will
make final selections and passes them to the HCI agent.

Bayesian Network
A Bayesian network is a directed graph which is composed of nodes and arcs between the nodes in the network. Each set of arcs
in a Bayesian network indicates a probabilistic dependence between a node, pointed to by the arcs, and its parent nodes from
which the arcs start. Each node of a Bayesian network represents a random variable of the problem domain, and this variable
describes a set of mutually exclusive states. A Bayesian network therefore actually represents, through its structure, the conditional
independence relations among the variables in the network. These conditional relations provide the probabilistic information and
facilitate inference in and among these variables.
Like the use of Expert System technologies, a Bayesian network represents beliefs and knowledge about a particular set of
situations /states. It serves like a knowledge base in Expert System technologies. Based on a Bayesian network of a set of
situations and observations or facts about a particular situation in the set, conclusions can be drawn about that situation.
It is found that Bayesian networks can be effective in diagnosing a user needs and can provide an infrastructure for building new
kinds of services and applications in software. In fact, the graphical probabilistic models of Bayesian network have been widely
employed for diagnostic tasks by computing the likelihood of alternative diseases in patients or disorders in machines. Also, there
is a growing tendency to apply Bayesian model and Bayesian decision analysis to the areas of modeling uncertainty, such as the
beliefs, intentions, goals and needs of users. Representation of probability and utility is very important in such user-modeling
applications. For example, Bayesian networks were used as user models to model the interpretation of patterns of evidence and
concurrent inference with the user and expert models used to select the most valuable information to display in the Vista system
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at the NASA Mission Control Center. Bayesian modeling has also been applied in educational systems. An example of this
tendency is to use a Bayesian network to model competency and to diagnose problems with understanding computer-based
tutoring.

Conclusion
This paper's contribution is to describe how to build a Bayesian-based agent based IGDSS system and to demonstrate a practical
solution of the knowledge sharing and knowledge reuse through the successes of the use of a repository. The common repository
in the IGDSS system contains several sharable and reusable ontologies, including the ontology of agents. It is hoped that the
process undertaken by this project will be of value to other similar geographical decision supporting projects in the near future
as to achieve the economic benefit and the technical benefit.
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